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Euler, Lagrange, Kovalevski, Goryachev-Chaplygin
4 [1-3]. Euler
Lagrange














$z$ $x’y$ $\delta$ $z’$
1(b) $(\theta, \phi, \psi)$ $x’yz’$
$\xi,\eta$ $\zeta$ $\zeta$










$\theta,\phi$ $\psi$ $I_{j},j=1,2,3$ ,
$I_{1}\approx I_{2}$ $0<\epsilon\ll 1$ $I_{1}=(1+\epsilon)I_{2}$








$\dot{\theta}=p_{\theta}$ , $\dot{\phi}=\frac{p_{\phi}-p_{\psi}\cos\theta}{\sin^{2}\theta}$ , $\dot{\psi}=\beta_{1}p\psi-\frac{(p_{\phi}-p_{\psi}\cos\theta)\cos\theta}{\sin^{2}\theta}$,
$\dot{p}_{\theta}=\frac{(p_{\phi}\cos\theta-p_{\psi})(p_{\phi}-p_{\psi}\cos\theta)}{\sin^{3}\theta}+\frac{1}{2}\beta_{2}(\cos\delta\sin\theta-\sin\delta\cos\theta\cos\phi)$ , (3)




2. : (a) $\beta_{2}>\frac{1}{2}p_{\psi}^{2}/\cos^{2}\delta;(b)2p_{\psi}^{2}(1-\cos^{2}\delta)<\beta_{2}<\frac{1}{2}p_{\psi}^{2}/\cos^{2}\delta;(c)0<\beta_{2}<2p_{\psi}^{2}(1-\cos^{2}\delta)$
$\psi$
$p_{\psi}$ 4 $(\theta, \phi,p_{\theta},p_{\phi})$ -
$\delta=0$ $\phi$ $p_{\phi}$ $p_{\phi}=p\psi\in(O, \sqrt{2\beta_{2}})$
$(\theta,p_{\theta})$
4 $( \theta, \phi,p_{\theta},p_{\phi})=(0, \frac{1}{2}p\psi tmod 2\pi, 0,p_{\psi})$








$F( \theta, \phi,p_{\theta},p_{\phi},p_{\psi})=p_{\phi}-\tan\delta(p_{\theta}\sin\phi+\frac{p_{\phi}\cos\theta-p_{\psi}}{\sin\theta}\cos\phi)$ (5)
$\delta=0$ $(\overline{\theta},\overline{\phi},\overline{\psi},\overline{p}_{\theta},\overline{p}_{\phi},\overline{p}_{\psi})$
$\theta=$ arccos $(\cos\delta\cos\overline{\theta}-\sin\delta\sin\overline{\theta}\cos\overline{\phi})$ , $\phi=$ arccos $( \frac{\mathfrak{X}n\delta\cos\overline{\theta}+\cos\delta\sin\overline{\theta}\cos\overline{\phi}}{\sin\theta})$ (6)
[4] 3 $\gamma=2\beta_{2}-\overline{p}_{\psi}^{2}>0$ $(\overline{\theta},\overline{p}_{\theta})$-






$-1$ $0$ 1 2 $0$ 0.5 1
$\phi$ $\Theta$
3. $\beta_{2}=3,p\psi=\overline{p}\psi\cos\delta=2$ : $(a)\delta=0;(b)-(d)\delta=0.1$
$t=0$ $(\overline{\phi},\overline{\psi})$
$\overline{\phi}^{h}(t)=\frac{1}{2}t-\frac{1}{\overline{p}_{\psi}}$ arctan $( \frac{\sqrt{\gamma}}{\overline{p}_{\psi}}\tanh(\frac{\sqrt{\gamma}}{2}t))$ ,
(7)
$\overline{\psi}^{h}(t)=\overline{p}\psi[(\beta_{1}-\frac{1}{2})t-\frac{1}{\overline{p}_{\psi}}$ arctan $( \frac{\sqrt{\gamma}}{\overline{p}_{\psi}}\tanh(\frac{\sqrt{\gamma}}{2}t))]$
(3) 1 2 (6) $\delta\neq 0$ (4)
$\theta_{\pm}^{h}(t)=$ arccos $(\cos\delta\cos\overline{\theta}^{h}(t)\mp\sin\delta\sin\overline{\theta}^{h}(t)\cos(\overline{\phi}^{h}(t)+\phi_{0}))$ ,
$\phi_{\pm}^{h}(t)=\pm$ arccos $( \frac{\sin\delta\cos\overline{\theta}_{\pm}^{h}(t)+\cos\delta\sin\overline{\theta}_{\pm}^{h}(t)\cos\overline{\phi}_{\pm}^{h}(t)}{\sin\theta_{\pm}^{h}(t)}I,$ (8)
$p_{\theta,\pm}^{h}(t)=\dot{\theta}_{\pm}^{h}(t)$ , $p_{\phi,\pm}^{h}(t)=\dot{\phi}_{\pm}^{h}(t)\sin^{2}\theta_{\pm}^{h}(t)+p_{\psi}\cos\theta_{\pm}^{h}(t)$
$\phi_{0}\in[0,2\pi)$ $\delta=0$ $\delta\neq 0$






3$\dot{x}=JD_{x}H_{0}(x, I)+\epsilon JD_{x}H_{1}(x, I, \psi)$ ,
$\dot{I}=-\epsilon D_{\psi}H_{1}(x, I, \psi)$ , $(x,I, \psi)\in \mathbb{R}^{4}\cross \mathbb{R}\cross S^{1}$ , (9)
$\dot{\psi}=D_{I}H_{0}(x, I)+\epsilon D_{I}H_{1}(x, I, \psi)$
$J$ 4
$J=(\begin{array}{llll}0 0 1 00 0 0 1-1 0 0 00 -l 0 0\end{array})$
$H_{0},$ $H_{1}$ : $\mathbb{R}^{4}\cross \mathbb{R}\cross S^{1}arrow \mathbb{R}$ $C^{r+1}$ $(r\geq 2),$ $S^{1}$ $2\pi$ $I_{j}\in \mathbb{R},j=$
$1,2$ , $Il<I_{2}$ : $\epsilon=0$
$I\in J=[I_{1}, I_{2}]$
(Hl) (9) $x$ 1 $F_{1}(x, I)=H_{0}(x, I)$ $F_{2}(x, I)$
$D_{x}F_{1}(x, I),D_{x}F_{2}(x, I)$ $D_{x}F_{1}(x, I)\cdot JD_{x}F_{2}(x, I)=0$ ‘.
(H2) (9) $x$ $x=x_{0}(I)$ 1
$x^{h}(t;I, \alpha),$ $\alpha\in d=(\alpha_{1}, \alpha_{2})$ ,
(H3) $D_{I}H_{0}(x_{0}(I), I)\neq 0$
$\epsilon\neq 0$
(H4) (9) 1 $G_{1}(x, I, \psi;\epsilon)=H_{0}(x, I)+\epsilon H_{1}(x, I, \psi),$ $G_{2}(x, I, \psi;\epsilon)$
$G_{2}(x, I, \psi;0)=F_{2}(x, I)$
$(x, I, \psi)$ - $x_{0}(I)$ $\gamma_{0}(I)$ 3 /
$W^{s,u}(\gamma_{0}(I))$ 2 b $=\{\gamma_{0}(I), I\in J\}$ 4
/ $W^{s,u}( \mathscr{M}_{0})=\bigcup_{I\in J}W^{s,u}(\gamma 0(I))$ $I_{1}<I_{1}’<I_{2}’<I_{2},$ $J’=[I_{1}’, I_{2}’]$
$U_{\delta}=\{(x,$ $I,$ $\psi)||x-x_{0}(I)|<\delta,$ $I\in J’\}$ , $W_{1oc}^{s,u}$ $($ b$)=W^{s,u}$ $($ b $)\cap U\delta$
(normally hyperbolic [13]
).
1 $0<\epsilon\ll\delta\ll 1$ $\epsilon,$ $\delta$ 2 nomally
hyperbolic $\mathscr{M}_{\epsilon}$ 4 / $W_{1oc}^{s,u}(\mathscr{M}_{\epsilon})$







(iii) $W_{1oc}^{s,u}(\mathscr{M}_{\epsilon})$ $W_{1oc}^{s,u}(\mathscr{M}_{0})$ $\theta(\epsilon)$ - ;
(iv) $W_{1oc}^{s,u}(\mathscr{M}_{\epsilon})$ $y_{\epsilon}^{s,u}(t)$ $tarrow\infty$ $\infty$ $|y_{\epsilon}^{s,u}(t)-\mathscr{M}_{\epsilon}|arrow 0$
/ $W_{1oc}^{s,u}(\mathscr{M}_{\epsilon})$ /
$W^{s,u}(\mathscr{M}_{\epsilon})$ $\Pi_{(I,\psi,\alpha)}$ $(x^{h}(0;I, \alpha), I,\psi)$ 2
$(x, I, \psi)=(D_{x}F_{j}(x^{h}(0;I, \alpha), I), 0,0)$ , $\cdot$ $j=1,2$ ,
2 ( 4 ). $W^{s,u}(\mathscr{M}_{0})$ $\Pi_{(I,\psi,\alpha)}$
$\epsilon>0$ $W^{s,u}(\mathscr{M}_{\epsilon})$
$c_{2}=G_{2}(x_{\epsilon}^{s,u}(0;I, \alpha), I, \psi)$
$\mathscr{G}_{c_{2}}=\{(x,I, \psi)|G_{2}(x, I,\psi;\epsilon)=c_{2}\}$
$\Pi_{(I,\psi,\alpha)}$ 2 $W^{s}(\mathscr{M}_{\epsilon})$ $W^{u}(\mathscr{M}_{\epsilon})$
$d_{\epsilon}(\psi;I, \alpha)=D_{x}H_{0}(x^{h}(0;I, \alpha), I)\cdot(x_{\epsilon}^{s}(0;I, \psi, \alpha)-x_{\epsilon}^{u}(0;I, \psi, \alpha))$
Melnikov ( [8, 10] )
$d_{\epsilon}(\psi;I, \alpha)=\epsilon M^{I,\alpha}(\psi)+\theta(\epsilon^{2})$ (10)
$M^{I,\alpha}( \psi)=\int_{-\infty}^{\infty}(D_{x}H_{0}\cdot JD_{x}H_{1}-D_{I}H_{0}D_{\psi}H_{1})(x^{h}(t, I, \alpha), I, \psi^{h}(t)+\psi)dt$
$+ D_{I}H_{0}(x_{0}(I), I)\int_{-\infty}^{\infty}D_{\psi}H_{1}(x^{h}(t, I, \alpha), I, \psi^{h}(t)+\psi)dt$ (11)
Melnikov $c=(c_{1}, c_{2})\in \mathbb{R}^{2}$ 4
$\mathfrak{X}_{c}=\{(x, I, \psi)\in \mathbb{R}^{4}\cross J’\cross S^{1}|G_{j}(x, I,\psi;\epsilon)=c_{j}\}$
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2 $(I, \alpha)\in J’\cross$ $M^{I,\alpha}(\psi)$ $\psi=\psi_{0}$ :
$M^{I,\alpha}(\psi_{0})=0$ , $\frac{\partial}{\partial\psi}M^{I,\alpha}(\psi_{0})\neq 0$
$\epsilon>0$ $W^{s}(\mathscr{M}_{\epsilon})$ $\mathfrak{X}_{c}$ $W^{u}(\mathscr{M}_{\epsilon})$ $\mathfrak{X}_{c}$ 4 $\mathfrak{X}_{c}$
$c_{1}=H_{0}(xo(I), I)+a(\epsilon),$ $c_{2}=F_{2}(x_{0}(I), I)+\theta(\epsilon)$
$\mathscr{P}_{c}$ $\mathscr{M}_{\epsilon}$
5.
$0<\epsilon\ll\delta\ll 1$ Melnikov (2) $\epsilon\neq 0$
(5) $F$ 1 $(H1)-(H4)$ $p\psi\in \mathbb{R}$





2 (8) $0<\delta\ll 1$







( [12] B ).
3 $\beta_{2}=2mg\ell/I_{1}\gg 1,$ $I_{1}/I_{2}=1+\epsilon,$ $|\epsilon|\ll 1$ (1)
$\{H, F=$ $\}$
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5. $\hat{p}\psi=2,\epsilon=0.01,\delta=0.1,\beta_{1}=0.5,\beta_{2}=3$ $\phi,$ $\psi=0$ /








$L_{\psi_{0},\hat{p}\psi}^{s,u}$ $Z_{\psi_{0},\hat{p}_{\psi}}$ 1 1
$2\cross 4$





$\zeta^{s,u}(t)$ $\zeta\psi_{0,\hat{p}_{\psi}}(t)$ $z^{s,u}(t)$ $z_{\psi\text{ },\hat{p}\psi}(t)$ $(\theta, \phi,p_{\theta},p_{\phi})$ $z_{0}^{s,u}\in \mathbb{R}^{6}$
/ /
$W^{s,u}(\gamma_{\hat{p}\psi})$ AUTO97 [11]
/ 1 5 $\epsilon_{s,u}=1\cross 10^{-4}$
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